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 摘要 
混沌通信是以混沌信号为载波的一种通信技术，是近些年发展起来并受到较
多关注的一种通信技术。由于混沌信号具有宽频带、伪噪声和良好的自相关与互
相关等特性，因此，被广泛应用于扩频通信和保密通信等领域。码复用差分混沌
键控（Code-Shifted Differential Chaos Shift Keying，CS-DCSK）是一种在码域实
现参考信号和信息承载信号正交的非相干混沌调制技术，该调制技术消除了传统
差分混沌键控（Differential Chaos Shift Keying，DCSK）接收机中的延时电路，
简化了接收机，降低了系统复杂度，且在多径衰落信道下，表现出良好的鲁棒性
和优越的比特差错概率（Bit Error Rate，BER）。准确的符号同步是保证通信系统
性能的前提，本文针对 CS-DCSK 通信系统的同步，开展了如下研究： 
(1) 采用高斯近似法（Gaussian Approximation, GA）分析了高斯信道和
Nakagami-m 衰落信道下，符号同步误差对 CS-DCSK 误码性能的影响，仿真结
果表明，在高斯信道和 Nakagami-m 衰落信道下，仿真结果与理论分析基本一致，
且随着同步误差的增大，系统的误码性能恶化，除此之外，和传统的 DCSK 系
统相比，CS-DCSK 系统对同步误差更敏感。 
  (2) 提出了一种两步骤的符号同步算法，该算法通过发送训练序列，首先完成
帧间的粗同步，在粗同步的基础上，利用滑动窗口完成帧内的细同步。仿真结果
表明，通过比较提出的符号同步算法与理想同步情况下的误码率性能，发现该符
号同步算法与理想同步系统存在 2dB 左右的性能损失。 
(3) 最后，论文研究了基于码复用差分混沌键控超宽带（CS-DCSK UWB）
系统的同步问题。首先，分析了晚定时（Later Timing，LT）和早定时(Early Timing，
ET)同步误差对 CS-DCSK UWB 系统误码性能的影响。然后，在基带 CS-DCSK
同步算法的基础上，提出了一种 CS-DCSK UWB 系统的同步算法，该算法主要
是在基带 CS-DCSK 帧间粗同步算法基础上引入了“比较-取舍”法，通过能量比
较，快速缩小同步估计的搜索范围。仿真结果表明，改进后的符号同步算法与改
进前的符号同步算法具有类似的误码性能，但由于改进后的符号同步算法缩小了
同步估计时间的搜索范围，减少了计算时间，能够相对较快地实现 CS-DCSK 
UWB 系统的符号同步。 
关键词：码复用差分混沌键控；高斯近似法；符号同步；超宽带；误码率 
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Abstract 
Chaos communication is a kind of communication that carrier is based on chaos 
signal and it has developed and been studied in recent years. Due to the characteristics 
of wide band, pseudo noise and good performance of self–correlation and cross 
correlation, it is used in spread spectrum communications, secure communications 
and other fields widely. 
Code-shifted differential chaos shift keying (CS-DCSK) is a non-coherent 
chaotic modulation technology which reference signal and information bearing signal 
are orthogonal in code domain. Because CS-DCSK eliminates time delay circuit 
which is existed in traditional differential chaos shift keying (DCSK), simplifies the 
receiver and reduces the system complexity. Besides when it is in multipath fading 
channels, CS-DCSK shows good robustness and superior bit error rate (BER). But the 
accurate symbol synchronization is the prerequisite to guarantee the performance of 
the system. This paper carries out the following research about the synchronization of 
the CS-DCSK communication system: 
(1) Investigating BER performance of CS-DCSK with synchronization errors in 
AWGN and Nakagami-m channel respectively using Gaussian approximation (GA) 
method. Simulation results show that simulation and theoretical analysis are basically 
the same in both AWGN and Nakagami-m channels. Besides the increase of 
synchronization error, the BER performance will be worse. In addition, compared 
with the traditional DCSK system, CS-DCSK is more sensitive to synchronization 
errors. 
(2) A two steps symbol synchronization algorithm is proposed which by sending 
training sequence to complete the coarse synchronization firstly and then complete 
fine synchronization in frames using sliding window. Simulation results show that 
BER performance of the proposed synchronization algorithm has about 2dB loss 
compared with the perfect synchronization. 
(3) Finally the paper studies the synchronization of CS-DCSK UWB system. 
Firstly analyze the performance of later timing (LT) error and early timing (ET) error 
厦
门
大
学
博
硕
士
论
文
摘
要
库
    
 
in CS-DCSK UWB system. Then propose a synchronization algorithm for CS-DCSK 
UWB system based on the synchronization algorithm of CS-DCSK. The algorithm 
introduces “compare-choose” method on the basis of coarse synchronization in 
CS-DCSK. Through the comparison of the energy, the searching scope of estimated 
synchronization is reduced quickly. Simulation results show that the improved 
algorithm and the original algorithm have the similar BER performance. But the 
improved algorithm reduce the searching scope of the synchronization, it can decrease 
the computation time and realize the symbol synchronization of CS-DCSK UWB 
system quickly. 
Keywords: CS-DCSK; Gaussian Approximation (GA) Method; Symbol 
Synchronization;  UWB;  BER 
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